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Abstract

Theory: Several medical education studies suggest that deep approaches to learning
(DA) are associated with better academic performance, whereas surface approaches (SA) are
associated with worse academic performance. However, no study has assessed how these
approaches change at the individual level during undergraduate medical training and how
these trajectories contribute to academic performance. We assessed individual patterns of
change in learning approaches throughout five years of medical training to determine whether
and how DA and SA evolve during the curriculum and whether initial levels and rates of
change predict performance in Year 5.

Hypotheses: We hypothesized that (1) medical students have a higher preference for
DA in comparison with SA; (2) these preferences change along the medical curriculum; and
(3) DA predicts better academic performance.

Method: Participants were 268 Geneva medical students (59% female) who
completed the revised two-factor study process questionnaire in Years 1, 2, 3, and 5 of their
6-year curriculum. Student academic performance was registered in Year 5. Multivariate
latent growth modeling was used to assess individual trajectories in learning approaches and
test their associations with performance in Year 5.

Results: Medical students were inclined to use DA rather than SA. Nevertheless, from
Year 2 onward their use of DA decreased while their use of SA increased. Students with
higher initial levels of DA tended to have lower initial levels of SA. Moreover, increases in
SA were significantly associated with decreases in DA. However, only initial levels of DA
and non-repeater status in Year 1 were positive and significant predictors of academic
performance in Year 5.

Conclusions: Although students tended to use DA rather than SA when entering

medical school, their preferences for DA tended to decline throughout medical training while



increasing for SA. Learning approaches during early study years, characterized by
engagement and meaningful learning, predicted later academic performance. DA should be
promoted during the early years of medical studies to foster student learning and to improve
academic performance.

Keywords: deep approaches to learning; surface approaches to learning; structural

equation modeling; medical students; academic performance



Introduction

Approaches to learning are defined as strategies students adopt to gain new
knowledge. 2 Among medical students, these have been associated with academic
performance,®® clinical competence,’ 2 clinical reasoning skills,® and approaches to work later
in professional life.l® Most studies have distinguished deep approaches (DA) and surface
approaches (SA) to learning. The former is associated with an intrinsic interest in the content
of the task and to higher performance results, and the latter is based on instrumental
motivation that frames tasks as mere demands to be met, therefore, predicting lower
performance results.* & 1112 These two approaches may be modulated by the educational
environment or by situational demands and can thus change over the course of an entire
degree in higher education.**> Moreover, they are not mutually exclusive per se: students
adopting DA can still adopt SA and vice versa.tt 16

As stated in The Bologna Declaration,!’ successful learning and studying in higher
education should engage students in DA. For medical education in particular, modern
medicine requires doctors to master skills such as problem solving, deep thinking, and critical
analysis in increasingly challenging scenarios, and medical schools are keen to sustain the
acquisition of such competencies.'82° Moreover, several medical education studies have
demonstrated that DA positively correlates with student academic performance across a wide
range of assessment methods (including multiple-choice questions and oral tests), contrary to
SA.* "8 Thus, it is important to understand whether and how medical students modulate their
approaches to learning throughout their training and whether these individual variations might
affect their academic performance. This understanding could affect the choices of medical
schools regarding efficient pedagogical strategies to promote deep learning among students.

Few studies have examined medical students’ approaches to learning from a

longitudinal quantitative perspective, and they have reported mixed findings. Positive changes



in DA across the second and third academic years in medical studies were reported by Vu et
al.,?! and Reid et al.?? found a negative change in SA between the first and the final year. On
the other hand, Chen et al.,?® Iputo,?* and Ova et al.?® reported no changes in approaches to
learning. As noted in a recent review of longitudinal studies on approaches to learning in
higher education, including medical education,*® heterogeneity in study results is related to
major limitations of previous research, namely the adoption of short time-intervals to detect
change and the lack of analysis at the individual level. Indeed, the absence of changes in
learning approach at the group level does not exclude variation at the individual level;?% 27
group-level analysis alone cannot fully capture the learning processes taking place among
individual students.

Combining group- and individual-level analytical techniques to assess longitudinal
changes in learning approach can be useful in medical education, where data often include
heterogeneous groups of students.?® A better understanding of how medical students modulate
their approaches to learning throughout medical training could inform curriculum design; if
initial levels and rates of change in DA and SA are associated with academic performance,
this could indicate that more action is needed to sustain DA and could potentially inform
when such effort should be focused during the curriculum.

The current study aimed to overcome the limitations of previous research by using
multivariate latent growth modeling (MLGM) within the framework of structural equation
modeling to examine individual changes in learning approach and their association with
academic performance among medical students from the first to the fifth year of their
studies.?® *° One of the aims of latent growth model analysis is to estimate the range of
individual differences in change over time, without focusing solely on changes in observed
group means.®! Specifically, this methodological approach describes a single individual’s

developmental trajectory in terms of its initial level and rate of change over time and captures



individual longitudinal differences in these trajectories.3? The three main advantages of using
MLGM are:3! (1) the ability to estimate both initial levels and rates of change in approaches
to learning at the individual level; (2) the ability to test how DA and SA are longitudinally
related; and (3) the ability to assess how initial levels and rates of change in learning
approaches predict student academic performance. By modeling approaches to learning in
terms of individual trajectories, we can not only highlight whether changes occur within
students across time, we can also test whether these changes are substantial enough to explain
individual differences in academic performance or whether initial levels in approaches to
learning play a more determinant role. Our main research questions can thus be summarized
as follows: (1) Do individual medical students’ approaches to learning, operationalized as DA
and SA, change across study years? and (2) Do individual trajectories in learning approach
predict student performance?

Despite the exploratory nature of this study, some hypotheses could be formulated
based on two main assumptions from the literature. First, as stated earlier in this introduction,
learning approaches are not static over time, especially when observing the entire course of
higher education.!3*® Second, medical students on average tend to prefer DA rather than SA,*
33,34 a tendency observed also in other samples of university students.® % Accordingly, we
hypothesized that (1) medical students have a higher preference for DA in comparison with
SA,; (2) these preferences change along the medical curriculum; and (3) DA predicts better
academic performance.

Methods
Educational Context

This study was conducted at the Faculty of Medicine of the University of Geneva,

Switzerland. The undergraduate curriculum is divided into a pre-selection year (Year 1), two

pre-clinical years (Years 2 and 3), two clinical years (Years 4 and 5), and one elective year



(YYear 6). The curriculum is designed to provide a student-centered and integrated approach to
student acquisition of theoretical knowledge and clinical competencies. Specifically, Year 1 is
organized into multidisciplinary integrated modules essentially delivered via large-group
lectures. At the end of this pre-selection academic year, students are assessed by multiple-
choice-questions (MCQs) and admitted to the second year based on their performance. Those
who fail to be admitted to the second year are allowed to repeat the first year. If they fail
again, they are definitely excluded.

The preclinical curriculum in Years 2 and 3 is organized into multidisciplinary
thematic teaching units taught by problem-based learning in small groups combined with a
few integrated lectures, practical sessions, and seminars of clinical skills training and
community dimension. The knowledge and skills acquired during the teaching units are
assessed by MCQs, multidisciplinary vignette questions, practical examinations and
objective-structured-clinical-examination (OSCE).

Across Years 4 and 5, students rotate through clinical clerkships in surgery,
paediatrics, internal and primary care medicine, psychiatry, obstetrics and gynaecology,
neurology and neurosurgery, emergency and intensive care medicine, dermatology,
ophthalmology, and otolaryngology. Within these rotations, they are exposed two days a
week to selected patient problems by case-based clinical reasoning tutorials and assigned to a
ward unit three days a week where they admit patients and are observed by supervisors.
During this same period, students benefit from learning activities (i.e., self-learning and
seminars) across transversal disciplines (i.e., pathology, radiology, clinical pharmacology,
forensic medicine, and medical ethics). Clinical reasoning skills, professionalism, and clinical
interactions are evaluated through regular ward formative evaluations, summative oral or

written case analyses and simulated patient encounters. For both pre-clinical and clinical



years, success rate is about 98%. A licensing exam at the end of Year 6 completes
undergraduate medical training. Its success rate is on average 97%.
Procedures and Sample

Participants were medical students enrolled in the pre-selection/first academic year at
the University of Geneva in 2011, 2012, or 2013. Overall, data collection took place in four
periods: pre-selection/first academic year (Year 1), beginning of pre-clinical training (Year 2),
end of pre-clinical training (Year 3), and end of clinical training (Year 5). Longitudinal
selection criteria required students to be present at least two more times after Year 1 across
the three waves of data collection in Years 2, 3 and 5.

As a result, the analyses included 268 students (mean age = 20.85 years, SD = 1.94,
range = 18-38, 59% females), 197 (74%) of which participated in all data collections and 71
(26%) participated in three out of four data collections (see Appendix S1 for further details on
sample selection). This longitudinal sample included 72% of the total number of students who
were successfully admitted to Year 2 between 2012 and 2013. In terms of gender
composition, the current sample was representative of the entire population of successful
students transitioning from Year 1 to Year 2 between 2012 and 2014. Moreover, participating
students did not significantly differ from their non-participating peers in terms of academic
performance at the end of Year 1. Among these 268 participants, 146 (54%) were ‘repeaters,’
namely students who had repeated Year 1 before being admitted to Year 2. Repeaters were on
average significantly older than their non-repeater peers (p=0.004), while we observed no
gender differences between these two groups.

All students signed an informed consent describing the voluntary condition of the
study and the confidentiality of their responses. Data collection was conducted using paper-
and-pencil self-administered questionnaires. The Chair of the Cantonal Commission for

Ethical Research (CCER) designated the current study as exempted from formal review.



Measures

Approaches to Learning. The revised two-factor study process questionnaire (R2-
SPQ)*" was used to measure student approaches to learning across four assessments (in Years
1, 2, 3, and 5). Previous studies have reported significant associations between medical
students’ academic performance and their approaches to learning as measured by the R2-
SPQ.%:38 This instrument consists of 20 items scored on a 5-point Likert scale (from 1 = this
item is never or only rarely true of me to 5 = this item is always or almost always true of me),
with 10 items measuring DA and 10 items measuring SA. Items tapping into dimensions of
DA describe learning as an enjoyable activity driven by internal motivations and commitment
to understand and construct meaning from the learning content (e.g., “I find that at times
studying gives me a feeling of deep personal satisfaction” and “I find that I have to do enough
work on a topic so that I can form my own conclusions before | am satisfied”). Conversely,
items referring to SA depict learning as a process involving little understanding and requiring
the minimum possible effort (e.g., “My aim is to pass the course while doing as little work as
possible” and “I learn some things by rote, going over and over them until | know them by
heart even if | do not understand them”). We calculated total scores for DA and SA by
summing up the scores of all the items grouped under each dimension. Cronbach’s «
reliability scores ranged from 0.73 to 0.84 across assessments for DA and from 0.65 to 0.78
for SA. Previous research®’ reported similar reliability results for the R2-SPQ. As it was not
available in French, the current study adopted a French version of the R2-SPQ created by
translating into French the previously validated English items and back-translating them into
English by two independent reviewers for quality control.*

Academic performance. For the current study, students’ last self-report of approaches
to learning took place during the second semester of Year 5. Accordingly, in order to model

approaches to learning as predictors of academic performance, we selected all exam scores



and grades in Year 5 registered after this last self-reported assessment. As a result, we focused
on four computer-based assessments consisting of MCQ (ophthalmology, emergency and
intensive care medicine, pathology, and radiology), and four oral tests (neurology and
neurosurgery, otolaryngology, forensic medicine and medical ethics, and dermatology). The
assessments consisting of simulated patient encounters were excluded because they occurred
prior to students’ Year 5 self-reports of learning approach. Students received a score between
0 and 100 on every MCQ assessment and a grade between 0 and 6 on every oral test. An
overall performance score was obtained by standardizing MCQ assessment scores and oral
test grades (for a mean of 0 and a standard deviation of 1) and averaging the obtained
standardized scores across the 8 examinations.*® Table A1 in the Supplemental Appendix
reports the correlations between the standardized scores of all eight examinations.

Covariates. Age (in years), gender (0 = males, 1 = females) and repeater status (0 =
non-repeater, 1 = repeater) were included as covariates in the analyses because previous
research indicates they are significant correlates of learning approach and significant
predictors of academic performance among medical students.®#! In particular, students
repeating academic years after failing are more likely to have significantly worse academic
performance than their non-repeater peers.*? 43

Data Analyses

A detailed explanation of the analytical procedures adopted in the current study is
provided in the Supplemental Appendix. We preliminarily checked data for missing values
and violations of the normality assumption. Longitudinal analyses were then divided into
three steps. To answer our first research question about whether individual medical students’
approaches to learning change across study years, we used Latent Growth Modeling (LGM)3*®
%2 to estimate the intercept (i.e., initial level) and slope (i.e., rate of change) factors of DA and

SA across assessments (from Year 1 to Year 5). Within LGM, the intercept is a constant for
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any participant across time and represents the starting point of every individual trajectory. On
the other hand, the slope represents the rate of change or growth and, thus, may be positive or
negative depending on whether individuals exhibit an increasing or a decreasing trend across
time. Differences in approaches to learning between consecutive years were further tested by
means of paired-sample t-tests with post hoc Bonferroni adjustment. To better understand
whether and how DA and SA simultaneously change across time, MLGM examined the
dynamic relations between initial levels and rates of change of DA and SA. Figure 1 depicts
the structural path diagram tested by MLGM at this stage. Finally, to answer our second
research question, MLGM tested both initial levels and rates of change of DA and SA as
predictors of student academic performance in Year 5 while further controlling for the effect
of age, gender and repeater status in Year 1. All analyses were performed in Stata 15
(StataCorp. 2015. Stata Statistical Software: Release 15. College Station, TX: StataCorp LP).
Results

Preliminary analyses

Students from the three consecutive data collection groups (i.e., baseline in 2011, 2012
or 2013) did not differ in terms of approaches to learning, overall academic performance in
Year 5, age, or gender composition at any time point (see Table A2 in the Supplemental
Appendix). These results support the decision to combine students from different consecutive
surveys in the current analyses.

The missing data rate ranged from 0 to 18.7% across all variables included in the
analyses. According to previous research,* these percentages are still considered acceptable
to test for possible systematic mechanisms behind missing patterns and to evaluate strategies
to deal with the problem. Little’s test for data missing completely at random (MCAR) applied
to DA and SA scores across assessments was not significant (p = 0.384), indicating that the

data were MCAR. Absolute values of skewness and kurtosis ranged from 0.03 to 0.43 and
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from 2.58 to 3.40, respectively, suggesting that longitudinal scores for approaches to learning
were reasonably normally distributed.3! Based on these preliminary results, we applied the
full information maximum likelihood estimation method in LGM and MLGM estimations to
deal with missing values.

Individual longitudinal changes in approaches to learning

From Table A3 in the Supplemental Appendix, the differences in »? between nested
models indicated that a non-linear growth model provided the best fit to the data for both DA
and SA. Standardized intercept and slope means were significantly different from zero for DA
(intercept mean = 7.40, SE = 0.42, p < 0.001; slope mean = -1.10, SE = 0.24, p <0.001) and
SA (intercept mean = 5.74, SE = 0.04, p < 0.001; slope mean =0.81, SE = 0.27, p = 0.002),
indicating that, overall, students decreased in terms of DA and increased in terms of SA. The
correlation between the intercept and slope factors was not significant for either DA or SA,
meaning that students’ initial levels in approaches to learning were not associated with how
they varied across years. The results of the paired sample t-tests (see Table 1) indicated that
approaches to learning remained rather stable from Year 1 to Year 2. On the other hand,
during pre-clinical years (from the beginning of Year 2 to the end of Year 3), students
decreased their use of DA (p < 0.001) and increased their use of SA (p <0.001). Similarly,
during the clinical years (from the end of Year 3 to the end of Year 5), DA continued to
decline (p < 0.001), whereas SA remained stable.

The two nested LGM models were then combined using MLGM in order to estimate
correlations between DA and SA intercepts and slopes (see Figure 1). This model yielded an
acceptable fit [;%(18) = 52.90, p < 0.001; CF1 = 0.957, TLI = 0.932, RMSEA = 0.085]. Figure
2 shows the longitudinal expected scores in DA and SA based on MLGM analyses. The
standardized intercept and slope means were again significantly different from zero for DA

(intercept mean = 7.46, SE = 0.43, p < 0.001; slope mean =-1.13, SE = 0.23, p < 0.001) and
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SA (intercept mean = 5.64, SE = 0.37, p < 0.001; slope mean = 0.90, SE = 0.28, p = 0.001).
The co-variance between intercepts (r =—0.53, p < 0.001) and between slopes (r =-0.54, p =
0.019) of DA and SA was significant. This means that students with higher initial levels in
DA tended to report lower initial levels for SA and vice versa. Likewise, the greater the
increase in SA, the greater the decrease in DA, and vice versa.
Approaches to learning as predictors of academic performance

In the last step of the analysis, we expanded upon MLGM by specifying both initial
levels and rates of change of DA and SA as predictors of student academic performance in
Year 5, alongside the effect of age, gender, and repeater status in Year 1 as time-invariant
covariates (see Figure 3 for a graphical representation of the structural path diagram for this
last model). Table A4 in the Supplemental Appendix shows the correlations between all
variables included in this last model. Only significant covariances between independent
variables were specified in the model. This model yielded an acceptable fit [*(50) = 98.83, p
<0.001; CFI =0.943, TLI =0.928, RMSEA = 0.060]. Table 2 reports the standardized model
estimates and significance levels. Students with higher initial levels of DA were more likely
to have better academic performance results in Year 5 (p < 0.023). Moreover, students who
entered the study as repeaters in Year 1 were more likely to have worse academic
performance in Year 5 compared to their non-repeater peers (p = 0.004). Gender (i.e., female)
positively correlated with the rate of change for DA (p = 0.013) and negatively correlated
with the initial level for SA (p = 0.005). In sum, despite significant decreases and increases in
DA and SA, respectively, across study years, only each student’s initial level of DA appeared
as significant and positive predictors of academic performance.

Discussion

To the best of our knowledge, this is the first study to test individual rates of change in
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learning approach among medical students, with further examination of how DA and SA
interact over time and whether learning approach trajectories predict academic performance.
We found the following: (1) although medical students tended to prefer DA over SA, they
decreased their use of DA and increased their use of SA during medical training; and (2)
higher initial levels of DA predicted better performance results during clinical training. These
findings are aligned with our initial hypotheses according to which (1) medical students have
a higher preference for DA in comparison with SA; (2) these preferences change along the
medical curriculum; and (3) DA predicts better academic performance.

Although this study confirms that, on average, medical students were more inclined to
use DA rather than SA,* 33 our results are discordant with previous findings indicating either
no longitudinal changes in learning approach among medical students?-% or positive and
negative changes in DA?! and SA, respectively.?? However, past research has been limited to
analyses at the group level. The observation that DA declined throughout the course of
medical education is aligned with results from other cohorts of non-medical students.*>4®
Similarly, previous studies have found that university students tend to increase in SA across
their academic studies.*¢->

Consistent with previous research,®# 7852 the current study confirmed that medical
student use of DA can positively predict academic performance. We also showed that DA
rather than SA was associated with performance outcomes during higher education.® 3% In
addition, despite the significant observed changes in DA and SA, these trajectories did not
further differentiate students in terms of academic performance during the clinical years. This
suggests that students’ high engagement and meaningful learning at the onset of medical
training is sufficiently important to predict long-term academic performance, despite an

overall tendency for DA to decline across time. That SA was not found to be a significant
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negative predictor of academic performance may reflect the finding that medical students in
the current sample tended to prefer DA rather than SA when entering university.

These results have important practical implications for designing pedagogical
strategies to sustain optimal learning. Because medical schools are keen to develop
interventions that can maximize impact on tangible results, they must target students on the
basis of specific individual attributes. Targeting undergraduate medical students with lower
DA levels at entry may increase the effectiveness of focused interventions. Indeed, as pointed
out by others,** %3 5° approaches to learning can be taught and promoted by enhancing
students’ internal motivation®! or by reinforcing their social identity.>® In that sense,
encouraging students to reflect on these aspects and on their learning process might prove to
be an efficient approach.>” Moreover, our results suggest that repeaters should be regarded as
a specifically at-risk category in terms of academic performance, and they should be given the
opportunity to seek help and support as early as possible during the undergraduate years.*3 *8
Nevertheless, it is important to underline that learning approaches in the current sample did
not differ as a function of repeater status. Accordingly, remedial interventions targeting
repeater medical students may focus on students’ individual characteristics other than learning
approach.%® 6

A novel finding of this study was the longitudinal interaction between DA and SA: as
medical students increased their preference for SA, they decreased their preference for DA.
Changes in approaches to learning for medical students can be interpreted through the lens of
the continuum model, according to which students may switch between alternative
approaches to learning in response to the demand of assessment tasks.5! Moreover, previous
studies have also underlined that it is difficult to maintain both types of approaches
simultaneously.®? ®2 The variation in approach to learning observed here also could be

interpreted in relation to variation in educational context across academic years, particularly
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how students perceive this context; more than educational context itself, how it is perceived
affects the use of learning approaches.® In the present study, decline in DA was particularly
evident during clinical training, which combines structured case-based teaching and more
experiential and situated learning at the bedside. This context contrasts with that of the
structured learning environment in the pre-clinical years.

Clinical training may place greater pressure on students, who are confronted with
developing clinical knowledge and reasoning in various specialties via rotations in hospital
units. In particular, previous studies have highlighted that the clinical years are more stressful
than pre-clinical years,®>®" and stress and anxiety have important effects on medical student
learning, resulting in lower DA and higher SA.® Although clinical skills training starts during
Year 2 in our medical school, students might still feel unprepared and anxious about starting
their clerkship,®>®” which could worsen their perception of the educational context and
decrease their use of DA. Future interventions and strategies in medical education aimed at
sustaining DA should thus take place already during the early years of study and throughout
the clinical years to prepare and support students for a more seamless transition to clinical
training.

Some limitations of this research should be acknowledged to better address directions
for future research. First, this was a single-institution study; therefore, our results may not
necessarily generalize beyond our context. Second, although the “deep/surface approach to
learning” framework is widely adopted in medical education research,* & 1112 alternative
models may be used to describe approaches to learning®® ’° and to test their longitudinal
change. For example, we may further differentiate between deep, surface, and strategic
approaches to learning, the latter approach aimed in particular at obtaining the highest

grades.” Third, predictors other than learning approach may explain academic performance in
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medical students. Future studies aimed at replicating our current model should therefore
include a wider range of psychological correlates of performance.® 72

On a related note, although beyond the scope of the current study, several factors not
included here may explain the observed decline in DA and the increase in SA. As noted
above, students’ perceptions of their teaching—learning environment can impact their
approaches to learning,”® ™ and these perceptions might worsen during the transition to
clinical training. Further, approaches to learning may also be influenced by student workload
and motivation,** ™ 7® as well as by the type of assessment.”’ Future research adopting focus
groups could be used to explore these factors and identify the various reasons for changes in
students’ learning approach. Finally, future studies also should examine whether a decline in
DA coupled with an increase in SA relates to worse outcomes across different types of
assessments, including clinical reasoning, as previous cross-sectional research has
demonstrated.® ® 22 Further exploring the heterogeneity in medical students’ learning
approach trajectories may help identify sub-groups of students with similar longitudinal
trends and provide additional insights into changes in learning approach relative to specific
individual characteristics and outcomes.

Despite these limitations and the possibilities to further elaborate the longitudinal
model of approaches to learning presented here, this study sheds light on how medical
students change their approaches to learning across their studies and how such individual
trajectories predict academic performance. In particular, these results highlight the importance
of examining this issue from an individual perspective, which may further help to support
medical education pedagogical strategies that favour deep learning and successful studying.

Acknowledgments
The authors wish to thank Dr. Stephanie Schrempft for her helpful advices on this

paper and are grateful to the students who responsibly answered the questionnaires. This

17



project has been funded by the Swiss Federal Office of Public Health, by the Faculty of
Medicine at the University of Geneva, and by the General Fund of the University of Geneva
(Maus Foundation). The opinions expressed here are those of the authors and should not be
attributed to these institutions.

References

1. Biggs JB. Student Approaches to Learning and Studying. Research Monograph.
ERIC; 1987.

2. Marton F. Beyond individual differences. Educational Psychology. 1983;3(3-4):289-
303.

3. Mattick K, Dennis I, Bligh J. Approaches to learning and studying in medical
students: validation of a revised inventory and its relation to student characteristics
and performance. Medical Education. 2004;38(5):535-543.

4. Reid WA, Duvall E, Evans P. Relationship between assessment results and approaches
to learning and studying in year two medical students. Medical Education.
2007;41(8):754-762.

5. Arnold L, Feighny KM. Students' general learning approaches and performances in
medical school: a longitudinal study. Academic Medicine. 1995.

6. Ferguson E, James D, Madeley L. Factors associated with success in medical school:
Systematic review of the literature. BMJ. 2002;324(7343):952-957.

7. McManus I, Richards P, Winder B, Sproston K. Clinical experience, performance in
final examinations, and learning style in medical students: prospective study. BMJ.
1998;316(7128):345-350.

8. May W, Chung E-K, Elliott D, Fisher D. The relationship between medical students’
learning approaches and performance on a summative high-stakes clinical

performance examination. Medical Teacher. 2012;34(4):e236-e241.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

Groves M. Problem-based learning and learning approach: Is there a relationship?
Advances in Health Sciences Education. 2005;10(4):315.

McManus I, Keeling A, Paice E. Stress, burnout and doctors' attitudes to work are
determined by personality and learning style: A twelve year longitudinal study of UK
medical graduates. BMC Medicine. 2004;2(1):29.

Pandey P, Zimitat C. Medical students' learning of anatomy: memorisation,
understanding and visualisation. Medical Education. 2007;41(1):7-14.

Ward PJ. First year medical students' approaches to study and their outcomes in a
gross anatomy course. Clinical Anatomy. 2011;24(1):120-127.

Asikainen H, Gijbels D. Do students develop towards more deep approaches to
learning during studies? A systematic review on the development of students’ deep
and surface approaches to learning in higher education. Educational Psychology
Review. 2017;29(2):205-234.

Nieminen J, Lindblom-Ylanne S, Lonka K. The development of study orientations and
study success in students of pharmacy. Instructional Science. 2004;32(5):387-417.
Zeegers P. Approaches to learning in science: A longitudinal study. British Journal of
Educational Psychology. 2001;71(1):115-132.

Entwistle N, Entwistle D. Preparing for examinations: The interplay of memorising
and understanding, and the development of knowledge objects. Higher Education
Research & Development. 2003;22(1):19-41.

Joint declaration of the European Ministers of Education. The Bologna Declaration.
https://www.eurashe.eu/library/bologna_1999 bologna-declaration-pdf/, 2019.

Miles A, Asbridge JE. The E uropean S ociety for P erson C entered H ealthcare
(ESPCH)-raising the bar of health care quality in the Century of the Patient. Journal

of Evaluation in Clinical Practice. 2014;20(6):729-733.

19



19.

20.

21.

22.

23.

24.

25.

26.

217.

Miles A, Asbridge JE. Modern healthcare: a technical giant, yet an ethical child?
European Journal for Person Centered Healthcare. 2014;2(2):135-139.
Boudreau JD, Cassell E, Fuks A. Physicianship and the Rebirth of Medical Education.
Oxford University Press; 2018.

Vu NV, Van Der Vleuten CP, Lacombe G. THINKING ABOUT STUDENT
THINKING: Medical Students' Learning ProcessesA Comparative and Longitudinal
Study. Academic Medicine. 1998;73(10):S25-27.

Reid WA, Evans P, Duvall E. Medical students’ approaches to learning over a full
degree programme. Medical Education Online. 2012;17(1):17205.

Chen Y, Henning M, Yielder J, Jones R, Wearn A, Weller J. Progress testing in the
medical curriculum: students’ approaches to learning and perceived stress. BMC
Medical Education. 2015;15(1):147.

Iputo JE. Impact of the problem-based learning curriculum on the learning styles and
strategies of medical students at the University of Transkei. South African Medical
Journal. 1999;89(5).

Emilia O, Bloomfield L, Rotem A. Measuring students’ approaches to learning in
different clinical rotations. BMC Medical Education. 2012;12(1):114.
Lindblom-Ylanne S, Parpala A, Postareff L. Challenges in analysing change in
students’ approaches to learning. Learning patterns in higher education: Dimensions
and research perspectives. 2013:232-249.

Vanthournout G, Coertjens L, Gijbels D, Donche V, Van Petegem P. Assessing
students’ development in learning approaches according to initial learning profiles: a

person-oriented perspective. Studies in Educational Evaluation. 2013;39(1):33-40.

20



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Piumatti G, Abbiati M, Baroffio A, Gerbase MW. Empathy trajectories throughout
medical school: relationships with personality and motives for studying medicine.
Advances in Health Sciences Education. 2020:1-16.

Hancock GR, Lawrence FR. Using latent growth models to evaluate longitudinal
change. Structural equation modeling: A second course. 2006:171-196.

Bollen KA, Curran PJ. Latent curve models: A structural equation perspective. Vol
467: John Wiley & Sons; 2006.

Kline RB. Principles and practice of structural equation modeling. Guilford
publications; 2015.

Duncan TE, Duncan SC, Strycker LA. An introduction to latent variable growth curve
modeling: Concepts, issues, and application. Routledge Academic; 2013.
Jayawardena CK, Hewapathirana TN, Banneheka S, Ariyasinghe S, Ihalagedara D.
Association of learning approaches with academic performance of Sri Lankan first-
year dental students. Teaching and Learning in Medicine. 2013;25(4):334-341.
Chonkar SP, Ha TC, Chu SSH, et al. The predominant learning approaches of medical
students. BMC Medical Education. 2018;18(1):1-8.

Adamopoulos P, Ho H, Sykes G, Szekely P, Dommett EJ. Learning Approaches and
Attitudes Toward Cognitive Enhancers in UK University Students. Journal of
Psychoactive Drugs. 2020:1-7.

Karagiannopoulou E, Milienos FS, Kamtsios S, Rentzios C. Do defence styles and
approaches to learning “fit together’in students’ profiles? Differences between years of
study. Educational Psychology. 2020;40(5):570-591.

Biggs JB, Kember D, Leung D. The revised two-factor study process questionnaire:

R-SPQ-2F. British Journal of Educational Psychology. 2001;71(1):133-149.

21



38.

39.

40.

41.

42.

43.

44,

45.

46.

Subasinghe S, Wanniachchi D. Approach to learning and the academic performance of
a group of medical students: any correlation. Stud Med J. 2009;3(3):5-10.

Abbiati M, Baroffio A, Gerbase MW. Personal profile of medical students selected
through a knowledge-based exam only: are we missing suitable students? Medical
Education Online. 2016;21(1):29705.

Griffin B, Bayl-Smith P, Hu W. Predicting patterns of change and stability in student
performance across a medical degree. Medical Education. 2018;52(4):438-446.
Piumatti G, Abbiati M, Baroffio A, Gerbase MW. Associations between motivational
factors for studying medicine, learning approaches and empathy among medical
school candidates. Advances in Health Sciences Education. 2018;24(2):287-300.
Zhou Y-X, Zhao Z-T, Li L, et al. Predictors of first-year GPA of medical students: a
longitudinal study of 1285 matriculates in China. BMC medical Education.
2014;14(1):87.

Winston KA, Van Der Vleuten CP, Scherpbier AJ. At-risk medical students:
implications of students’ voice for the theory and practice of remediation. Medical
Education. 2010;44(10):1038-1047.

Peng C-YJ, Harwell M, Liou S-M, Ehman LH. Advances in missing data methods and
implications for educational research. Real data analysis. 2006;3178.

Lietz P, Matthews B. The effects of college students’ personal values on changes in
learning approaches. Research in Higher Education. 2010;51(1):65-87.

Prat-Sala M, Redford P. The interplay between motivation, self-efficacy, and
approaches to studying. British Journal of Educational Psychology. 2010;80(2):283-

305.

22



47.

48.

49.

50.

51

52.

53.

Quinnell R, May E, Peat M. Conceptions of Biology and Approaches to Learning of
First Year Biology Students: Introducing a technique for tracking changes in learner
profiles over time. International Journal of Science Education. 2012;34(7):1053-1074.
Wilding J, Andrews B. Life goals, approaches to study and performance in an
undergraduate cohort. British Journal of Educational Psychology. 2006;76(1):171-
182.

Fryer LK. (Latent) transitions to learning at university: A latent profile transition
analysis of first-year Japanese students. Higher Education. 2017;73(3):519-537.

Geitz G, Joosten-ten Brinke D, Kirschner PA. Changing learning behaviour: Self-
efficacy and goal orientation in PBL groups in higher education. International Journal
of Educational Research. 2016;75:146-158.

Gijbels D, Coertjens L, Vanthournout G, Struyf E, Van Petegem P. Changing students'
approaches to learning: A two-year study within a university teacher training course.
Educational Studies. 2009;35(5):503-513.

Feeley A-M, Biggerstaff DL. exam success at undergraduate and graduate-entry
medical schools: is learning style or learning approach more important? a critical
review exploring links between academic success, learning styles, and learning
approaches among school-leaver entry (“traditional”) and graduate-entry
(“nontraditional””) medical students. Teaching and Learning in Medicine.
2015;27(3):237-244.

Chamorro-Premuzic T, Furnham A. Personality, intelligence and approaches to
learning as predictors of academic performance. Personality and Individual

Differences. 2008;44(7):1596-1603.

23



54.

55.

56.

S7.

58.

59.

60.

61.

Fenollar P, Roméan S, Cuestas PJ. University students' academic performance: An
integrative conceptual framework and empirical analysis. British Journal of
Educational Psychology. 2007;77(4):873-891.

Lonka K, Sharafi P, Karlgren K, et al. MED NORD-A tool for measuring medical
students’ well-being and study orientations. Medical Teacher. 2008;30(1):72-79.
Bliuc A-M, Ellis RA, Goodyear P, Hendres DM. The role of social identification as
university student in learning: Relationships between students’ social identity,
approaches to learning, and academic achievement. Educational Psychology.
2011;31(5):559-574.

Tsingos C, Bosnic-Anticevich S, Smith L. Learning styles and approaches: Can
reflective strategies encourage deep learning? Currents in Pharmacy Teaching and
Learning. 2015;7(4):492-504.

Winston KA, Van der Vleuten CP, Scherpbier AJ. An investigation into the design
and effectiveness of a mandatory cognitive skills programme for at-risk medical
students. Medical Teacher. 2010;32(3):236-243.

Bierer SB, Dannefer EF, Tetzlaff JE. Time to loosen the apron strings: cohort-based
evaluation of a learner-driven remediation model at one medical school. Journal of
General Internal Medicine. 2015;30(9):1339-1343.

Briley JS, Thompson T, Iran-Nejad A. Mathematical beliefs, self-regulation, and
achievement by university students in remedial mathematics courses. Research in the
Schools. 2009;16(2):15-28.

Segers M, Martens R, Van den Bossche P. Understanding how a case-based
assessment instrument influences student teachers’ learning approaches. Teaching and

Teacher Education. 2008;24(7):1751-1764.

24



62.

63.

64.

65.

66.

67.

68.

69.

70.

Leung M-y, Ng ST, Li Y-k. Evaluating learning approaches of construction students
in Hong Kong through a matrix framework. Journal of Professional Issues in
Engineering Education and Practice. 2004;130(3):189-196.

Teoh HC, Abdullah MC, Roslan S, Daud SM. Assessing students approaches to
learning using a matrix framework in a Malaysian public university. SpringerPlus.
2014;3(1):54.

Baeten M, Kyndt E, Struyven K, Dochy F. Using student-centred learning
environments to stimulate deep approaches to learning: Factors encouraging or
discouraging their effectiveness. Educational Research Review. 2010;5(3):243-260.
Dyrbye LN, Thomas MR, Shanafelt TD. Systematic review of depression, anxiety,
and other indicators of psychological distress among US and Canadian medical
students. Academic Medicine. 2006;81(4):354-373.

Sarikaya O, Civaner M, Kalaca S. The anxieties of medical students related to clinical
training. International Journal of Clinical Practice. 2006;60(11):1414-1418.
Godefrooij MB, Diemers AD, Scherpbier AJ. Students' perceptions about the
transition to the clinical phase of a medical curriculum with preclinical patient
contacts; a focus group study. BMC Medical Education. 2010;10(1):28.

Al Kadri HM, Al-Moamary MS, Elzubair M, et al. Exploring factors affecting
undergraduate medical students’ study strategies in the clinical years: a qualitative
study. Advances in Health Sciences Education. 2011;16(5):553-567.

Howie P, Bagnall R. A critique of the deep and surface approaches to learning model.
Teaching in Higher Education. 2013;18(4):389-400.

Tormey R. The centre cannot hold: untangling two different trajectories of the

‘approaches to learning’framework. Teaching in Higher Education. 2014;19(1):1-12.

25



71.

72.

73.

74.

75.

76.

77.

Richardson JT. Students’ approaches to learning and teachers’ approaches to teaching
in higher education. Educational Psychology. 2005;25(6):673-680.

Richardson M, Abraham C, Bond R. Psychological correlates of university students’
academic performance: A systematic review and meta-analysis. Psychological
Bulletin. 2012;138(2):353.

Richardson JT, Dawson L, Sadlo G, Jenkins V, Mcinnes J. Perceived academic quality
and approaches to studying in the health professions. Medical Teacher.
2007;29(5):e108-e116.

Karagiannopoulou E, Milienos FS. Testing two path models to explore relationships
between students’ experiences of the teaching—learning environment, approaches to
learning and academic achievement. Educational Psychology. 2015;35(1):26-52.
Kyndt E, Dochy F, Struyven K, Cascallar E. Looking at learning approaches from the
angle of student profiles. Educational Psychology. 2012;32(4):493-513.

Kyndt E, Dochy F, Struyven K, Cascallar E. The direct and indirect effect of
motivation for learning on students’ approaches to learning through the perceptions of
workload and task complexity. Higher Education Research & Development.
2011;30(2):135-150.

Al-Kadri HM, Al-Moamary MS, Roberts C, Van der Vleuten CP. Exploring
assessment factors contributing to students' study strategies: Literature review.

Medical Teacher. 2012;34(supl):S42-S50.

26



